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Summary
The BOREAS TGB-5 team collected a variety of trace gas concentration and flux measurements at several NSA sites. This data set contains carbon dioxide (CO2), methane (CH4), and carbon monoxide (CO) chamber flux measurements conducted in 1994 at upland forest sites that experienced stand-replacement fires. These measurements were acquired to understand the impact of fires on soil biogeochemistry and related changes in trace gas exchange in boreal forest soils. Relevant ancillary data, including data concerning the soil temperature, solar irradiance, and information from nearby unburned control sites, are included to provide a basis for modeling the regional impacts of fire and climate changes on trace gas biogeochemistry.
The data are provided in tabular ASCII files. 
Data Set Introduction
These measurements are required to understand the impact of fires on soil biogeochemistry and related changes in trace gas exchange in boreal forest soils. Relevant ancillary data, including data concerning the soil temperature and solar irradiance, are included to provide a basis for modeling the regional impacts of fire and climate changes on trace gas biogeochemistry.
Objective/Purpose
The objective of this study is to examine the effects of fire on soil- 
Summary of Parameters
This data set contains measurements of ambient CO2, CH4, and CO)concentrations; CO2, CH4, and CO fluxes; ambient and soil temperatures; and solar irradiance.
Discussion
The soil-atmosphere exchange of CO2 is an important component of the carbon budget of the boreal forest biome. Soil-atmosphere exchange of CH4 and CO in the boreal biome has major effects on the atmospheric content of these radiatively and chemically important trace gases. Closed chamber techniques with gas chromatography were used to determine the soil surface flux of CO2, CH4, and CO at five BOREAS auxiliary sites in the NSA that were exposed to intense stand-replacement fires during the 7-year period prior to 1994. Flux data were also obtained at nearby control sites. Relevant ancillary data were simultaneously obtained at the sites. The experiments were conducted from the beginning of June through the end of August 1995. The results from this study indicate that upland soils in burned boreal forests are generally net sources of both CO2 and CO, but net sinks of atmospheric CHIn. Soil temperatures in these burned sites were generally higher than those observed in nearby unburned controls. Soil respiration includes both root respiration and decomposition of soil organic matter (SOM). Despite the loss of root respiration in the bum sites, soil respiration was nearly the same in the bum sites as in unburned controls. This indicates that enhancement of SOM decomposition by the warming of the soil offset the reduction in root respiration. In sites exposed to the most intense fires, however, where surface organic matter was considerably reduced and converted to charcoal by fire, soil respiration was significantly reduced compared to other sites that were investigated. CH4 sinks were generally greater in the well-drained jack pine stands than in black spruce stands. CO fluxes are affected by thermal and photochemical production at the soil surface and by microbial consumption deeper in the soil. Thus, CO fluxes in the open bum sites were positive during daylight, whereas the fluxes were negative in the unburned forest soils. 
Theory of Measurements
The CO2, CH4, and CO fluxes at the surface of the soil are important components of the carbon budget of the boreal forest. Stand-replacement fires may affect the soil-surface fluxes of these gases. Fire removes the canopy and part of the moss, lichen, and shrub cover, thus altering soil temperature, moisture, and nutrient composition. Models of trace gas biogeochemistry in the boreal forest, such as CENTURY, require field measurements of these fluxes in order to calibrate the models and test their predicted fluxes. In order to understand and quantify the carbon gas exchange in these systems, it is necessary to measure their exchange under a variety of conditions in unburned plots and burned plots of various postburn ages. In particular, CO exchange from the forest ecosystem floor is a poorly understood process that may exhibit a significant effect on the ambient CO levels. The forest floor may act as both a source and sink for CO. Sink activity is believed to be the result of consumption of CO by microbial activity, while production is primarily the result of thermal and photochemical decomposition of living and dead organic matter. The net exchange from the forest floor will therefore be determined by the relative source and sink strengths of these processes.
Some parameters that are believed to be important in CO exchange are temperature, moisture content, soil nutrient levels, SOM content, and light intensity. 
Source/Platform
All measurements were made on the ground.
4.1.3
Source/Platform Mission Objectives The mission objective was to measure soil surface CO2, CH4, and CO fluxes and relevant ancillary data in fire scars and nearby controls.
4.1.4
Key Variables CO2, CH4, and CO flux; soil temperature; soil moisture content; and light intensity (total, UV-A, and UV-B).
Principles
of Operation The chamber assays for CO, CO2, and CH4 followed the methods established by Hutchinson and Livingston [1993] . Analysis of CH4 [Crill, 1991] was conducted with 0.5% precision. 
Sensor/Instrument

Tolerance
The precision of fluxes for the trace gas measurements, computed from three replicates, is expected to be 15% for CO2 and CH4, and 5-10% for CO. The precision is judged by the standard deviation of the three measurements. a standard curve was generated each day by injecting calibrated volumes of a 9.5 _+0.14-ppm CO primary standard (National Institute of Standards and Technology, Gaithersburg, MD).
Frequency of Calibration
Data Acquisition Methods
A static chamber technique [such as that described by Whalen and Reeburgh, 1988] was used to estimate soil/atmosphere CH4 and CO2 exchange. The chamber consists of a permanently deployed circular aluminum collar, with a water seal and skirt, and an opaque lid. The collars were N10, 25, or 30 cm deep in areas with significant moss, lichen, or burned vegetation cover, and N5 cm deep in areas in which the vegetation had burned to the mineral layer. The lid is constructed of aluminum and is equipped with a septum for syringe sampling and a small hole to equalize pressure. The total enclosed area is 0.036 m2, and the enclosed volume is about 8.7 liters.
CH4 and CO2 flux samples were collected at 5-minute intervals over the course of 20 minutes in 60-mL polypropylene syringes with siliconized polypropylene plungers and nylon three-way stopcocks.
Syringes were stored in the dark at ambient temperature until analysis. Concentration determinations were made using a Carle AGC GC equipped with a TCD and a FID. Gas samples were introduced to the GC via a 10-port gas sampling valve plumbed for the simultaneous filling of two sample loops and then injection into two columns. Soil-atmosphere COexchange wasmeasured in the following manner. First, thetroughof the chamberbasewasfilled with enoughwaterto ensureanairtight seal with thechambertop.Then,the top wasquickly but gentlyplacedin thetroughandagassampleof -20 mL wasremovedfrom the chamber. Additional samples werecollected(usuallyat7-minuteintervals)for a total of atleastfour samples. Foreachsample, the syringewasconnected to the samplingneedleandpumpedthreetimes to ensurea well-mixedchamber. Approximately20 mL of samplewascollected, andthe syringe stopcockwasclosed.Thebackof thesyringebarrelwassealed with a minimum amountof distilled waterandstoredin a plasticziplockbagonice until analysis. Theall-glasssyringes(Popper& Sons, New HydePark,NY) werefitted with gas-tightTeflon stopcocks (AlltechAssociates, Deerfield,IL) andencased in blackheat-shrinktubingto keeptheircontentsdark.Samplingwasconducted between thehoursof 1000and1500local time with theexceptionof two diurnalstudies.
Air andsoil temperatures (ata depthof 10cmfor CO2andCH4; 1.0 cm for CO) were measured with a thermocouple probe. Volumetric soil moisture content was measured with a TDR as described by Topp et al. [1984] . Total solar irradiance was measured during the CO flux measurements with the light probe placed close to the environmental chamber.
Observations
6.1 Data Notes None given.
Field Notes
Date
July 19
July 20
July 21
July 22
July 23
July 24
July 25
July 26
July 27
July 28
July 29
July 30 July 31 
7.2.3
Temporal Resolution Individual flux measurements generally were made over a period of 20 to 30 minutes. Flux experiments were routinely conducted between the hours of 1000 and 1600. local time with selected diurnal studies during August 1994 conducted throughout the day and night. The flux and ancillary data at a given black spruce site were obtained with a sampling frequency of 2-3 days during the periods noted in Section 7.2.1. Data at the jack pine sites were obtained on a weekly basis.
Data Characteristics
Parameter/Variable
The parameters contained in the data files on the CD-ROM are:
Column Name SITE NAME 
Unit of Measurement
The measurement units for the parameters contained in the data files on the CD-ROM are:
Column Name Units SITE NAME 
Data Organization
Data Granularity
The smallest unit of data tracked by BORIS was the flux measurement from a given site on a given day.
Data Format(s)
The Compact Disk-Read-Only Memory (CD-ROM) files contain American Standard Code for Information Interchange (ASCII) numerical and character fields of varying length separated by commas. The character fields are enclosed with single apostrophe marks. There are no spaces between the fields. Each data file on the CD-ROM has four header lines of Hyper-Text Markup Language (HTML) code at the top. When viewed with a Web browser, this code displays header information (data set title, location, date, acknowledgments, etc.) and a series of HTML links to associated data files and related data sets. Line 5 of each data file is a list of the column names, and line 6 and following lines contain the actual data. 
Data
Data Processing
Sequence 9.2.1 Processing Steps Gas samples were collected from the environmental chambers at the field sites, transferred to the laboratory, and analyzed by gas chromatography. The fluxes were then calculated from measured concentrations of the gases vs. time.
Processing
Changes None given.
Calculations
Special
Corrections/Adjustments For each chamber experiment, the concentration of CO within the chamber was plotted as a function of time after sealing the chamber top over the base. These plots showed three different patterns: (1) linear changes with time, (2) first-order decay with time, and (3) initial linear increase followed by a diminished rate of increase, often yielding a steady state. Concentration vs. time plots were initially plotted to determine the curve shape, and the data analysis was determined based on curve shape. Data were analyzed by performing linear regression (slope = CO exchange rate), by performing log-linear regression (slope = first-order rate constant), or by determining the initial slope.
Calculated Variables
Fluxes of C02 and CH4 were calculated by linear regression of the measured concentrations of samples (typically five) collected during each chamber deployment.
CO fluxes were calculated as described in Section 9.3.1.
Graphs and Plots
Data were plotted using Lotus Freelance, Lotus 123, and Quattro Pro. A few flux measurements were rejected because of various problems such as loss of one or more time points, contaminated or leaky syringes, GC problems, or disturbance of the site during sampling. These problems usually became apparent when either: (1) the initial concentration was not close to the ambient concentration, or (2) the correlation coefficient of the linear regression was not significant at the 90% confidence level (1-2= 0.810 for n = 4; 1-2= 0.648 for n = 5).
Errors
Sources of Error
10.2
Quality Assessment Based on the actual performance of the flux measurement system during this study, the minimum detectable flux of CH4 is estimated to be about 0.3 mg CH4-C/mZ/d, and the minimum detectable flux of CO2 to be 0.1 g CO2-C/m2/d.
10.2.1
Data Validation by Source Calibrations and instrumentation ranges were checked, and data were checked for values that were not in expected ranges.
10.2.2
Confidence Level/Accuracy Judgment For all of the C02 and CH4 data analyzed with regressions, data sets were rejected if the correlation coefficient of the linear regression was not significant at the 90% confidence level (r2 = 0.810 for n = 4; r2 = 0.648 for n = 5). For CO measurements that exhibited decreasing CO concentrations vs. time, the data sets were rejected if the correlation coefficient of the linear regression of log concentration vs. time was not significant at the 90% confidence level.
Measurement Error for Parameters
Typically, replicate measurements of the same gas sample are within 10% RSD for CO2, CH4, and CO. Research so that they will be available to the international scientific community.
Additional
In these publications, the methods were justified to peer referees. These justifications are based on other published methods and tests, which are described in previous papers.
Application of the Data Set
These data along with other trace gas measurements from chambers, towers, and aircraft can be used to characterize and model the fluxes of trace gases from the various boreal forest ecosystems.
None. 
Future
Data Access
The CO2, CH4, and CO chamber flux data over the NSA are available from the Earth Observing System Data and Information System (EOSDIS) Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center (DAAC).
Contact Information
For BOREAS data and documentation please contact:
ORNL DAAC User Services 
